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Abstract 
On 20th February 2016, the most energetic cyclone in recorded history, the category 5 Tropical Cyclone (TC) 
Winston, tracked through central Fiji causing widespread damage and loss of life. At its peak, ten-minute 
sustained wind speeds of 230 kph were recorded, with wind gusts of over 300 kph. The eye of the cyclone 
passed within 25 km of Qamea Island in northeastern Fiji, with the strongest winds occurring from the 
northwest. 
 
After the cyclone had passed, a cay had formed on the southern fringing reef system ~1 km offshore of Qamea 
Island. The initial survey of the new cay (given the name Winston Island), found a mound of broken coral, sand 
and other debris some 1.8 m high by 105 m long and 15 m wide. Six weeks later the cay had reduced to only 
a fraction of the initial size (<30 m by 0.6 m high). It was expected that the cay was fated to disappear 
completely and the barrier reef flat to return to the pre-cyclone condition. However, 4 months later Winston 
Island had increased in size to be 126 m long and 2.0 m high, and has continued to slowly grow in size. While 
the formative mechanism was confidently determined (i.e. 2.5-3.0 m waves generated by TC Winston), and 
the initial chronic reduction in material was also intuitive, the mechanism which led to the subsequent re-
building of Winston Island warranted investigation. This paper investigates the formative mechanisms that 
resulted in Winston Island and documents the subsequent changes to its morphology over the following year. 
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1. Introduction 
 
The stability and erosion/accretion of coral atoll 
islands and cays has received increasing attention 
over the past few decades. Much of this has been 
driven by concerns over the impacts of sea level rise 
(SLR), that is, as SLR progresses and accelerates 
low-lying coral atoll islands will be lost (e.g. see the 
Proceedings of the 13th International Coral Reef 
Symposium).  Indeed, in the past 3 decades, coral 
beaches have been eroding at an increasing rate 
and reduced coastal resilience is impacting on the 
livelihoods of many people in small island nations 
[11]. 
 
However, a more in depth analysis of the data 
supporting the erosion of coral beaches indicates 
that the root causes are almost without exception 
due to human impacts such as over-fishing, 
degraded water quality (sediment, nutrients, and 
other pollutants) and extraction of beach sand for 
the construction industry [1, 10].  Coral sand is 
generated by a healthy reef ecosystem and is a 
relatively slow process, and so undermining of the 
reef’s biological health (through over-fishing and 
degradation of water quality) and extraction of the 
limited sand resource results in a chronic loss of the 
beach. 
 
Where anthropogenic pressures are not present, 
there is an increasing body of research into the 
historic morphology of coral atoll islands indicating 
that most have either remained stable in size or 
grew larger over the past few decades, despite SLR 
[4, 7, 8, 9].  Coral reef islands are dynamic, they 
move and change through rotation, migration and 
growth due to the prevailing wind/wave conditions 
[5].  In the past decade, several investigations have 
reported atoll island and cay growth over the past 
century, which has led some authors to conclude 
that rising sea levels caused by global warming are 
unlikely to swamp the small atoll nations of the 
South Pacific [4, 7, 8, 9].  Kench [6] has suggested 
that the mechanism for coral island growth is 
associated with over-wash bringing sediments up 
and over these low-lying features, with even small 
increases in local sea level resulting in increased 
currents at the beach and maximum wave height 
breaking closer to the beach; in turn, resulting in 
increased beach growth.  The volume/magnitude of 
coral cay growth has been categorised based on the 
local increase in water level and energy of the event, 
with drivers of beach growth in increasing order of 
magnitude being King tide < long period swell < 
tsunami < cyclones, in terms of volumes and 
material size mobilised (tropical cyclones can move 
gravel) [6]. 
 
In February 2016, Tropical Cyclone (TC) Winston 
struck Fiji with unprecedented force, leaving 
massive destruction and 44 fatalities in its wake.  
After the tropical cyclone had passed, a small cay 
had formed on the southern fringing reef system ~1 
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km offshore of Qamea Island, in northeastern Fiji 
(Figure 1). 
 
 
 
Figure 1   Location map of Qamea Island, Fiji (indicated 
by the black 4-pointed star). (Source: [16]) 
 
Over the following months, the cay almost 
disappeared, but then reformed and remained 
stable to date (early March 2017).  The formation 
and variation of Winston Island raises some 
interesting questions that are of relevance to the 
current scientific debate with respect to the impacts 
of SLR on small low lying coral sand islands.  Here 
we consider the formative mechanism of Winston 
Island, why the cay formed following TC Winston, 
but not during TC Tomas (a Tropical Cyclone which 
directly impacted on Qamea Island with extreme 
winds from the north in 2010), and what resulted in 
the fall and rise of Winston Island between March 
and September 2016. 
 
 
2. Tropical Cyclone Winston 
TC Winston formed on 7th February 2016, slowly 
increased in intensity and moved towards Tonga, 
reversed direction on 17th February and intensified 
to a Category 5 cyclone as it tracked west back 
towards Fiji. 
 
On 20th February 2016, TC Winston became the 
most energetic cyclone in recorded history in the 
South Pacific.  TC Winson tracked through central 
Fiji causing widespread damage and loss of life 
(Figure 2).  At its peak, ten-minute sustained wind 
speeds of 230 kph were recorded, with wind gusts 
of over 300 kph and a pressure of 915 hPa, as it 
made landfall on Viti Levu. 
 
At noon on 20th February, the eye of the cyclone 
passed within 25 km of Qamea Island in 
northeastern Fiji, with the strongest winds occurring 
from the northwest.  Qamea Island sustained 
widespread damage (and one fatality) during the 
cyclone, with the southern and western side of the 
island experiencing the greatest damage (Figure 3).  
The following day, a small island was noticed on the 
reef system ~1 km off the southern coast of Qamea 
Island, which was subsequently named Winston 
Island. 
 
 
  
Figure 2   At noon on 20th February 2016, the centre of 
TC Winston was situated some 25 km due south of 
Qamea Island, Fiji, and had intensified to a Category 5 
storm. (Source: [15]) 
 
 
 
Figure 3   All the beach front bures at Maqai Eco Resort 
(located on Qamea Island directly inshore of Winston 
Island) were flattened, and with the exception of coconut 
palms, every large tree was uprooted. 
 
3. Winston Island 
3.1 March 2016 
It was not until 21st March 2016, one month after TC 
Winston, that Winston Island was surveyed.  
Handheld GPS was used to survey the outline of the 
island, which was comprised of pieces of broken 
coral (Figure 4).  The coral-rubble island was in 2 
discrete sections, the largest section was 105 m 
long by 15 m at its widest point and approximately 
1.8 m high from the reef flat (Figure 4); the smaller 
section was located 50 m due east of the larger 
section, and was 90 m long by 6 m at its widest 
point, and approximately ~0.6 m high. 
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Figure 4   Looking west along Winton Island 1 month after 
the cyclone (21/03/16). 
 
3.2 May 2016 
Winston Island was revisited on 18th May 2016, 
where it was found to have all but disappeared 
(Figure 5).  Although GPS was not available for 
accurate surveying, the remaining coral-rubble 
mound was estimated to be ~30 m long by 10 m 
wide and it was located in a similar position as the 
smaller eastern part of the island surveyed in March 
2016 
 
  
Figure 5   Looking east along Winton Island 3 months 
after the TC Winston (18/05/16). 
 
3.3 September 2016 
The third survey of Winston Island was undertaken 
on 14 September 2016.  The results of the GPS 
survey found that the island had increased 
significantly since May 2016, and measured 126 m 
long by 18 m at its widest point, and was up to ~2 m 
high at the highest point.  The island was found to 
be located on the eastern side of the first survey. 
 
3.4 January 2016 
The most recent survey was undertaken on 12th 
January 2016.  The GPS survey found that Winston 
Island had further increased in size.  The island was 
132 m long by 20 m at its widest point, and up to 
~2.0 m at the highest point (Figure 6).  The position 
was found to be very similar to the September 2016 
survey on the eastern side of the original survey 
 
  
Figure 6   Shot from a drone looking southeast along 
Winton Island (12/01/17). 
 
3.5 Surveys Summary 
Figure 7 presents the location of Winston Island and 
the outlines of the 3 GPS surveys since 21/3/17. 
 
 
 
Figure 7   (Top) Winston Island located approximately 1 
km south of Qamea Island. (Bottom) The outline of 
Winston Island on 21 March 2016 (yellow), 14 September 
2016 (green), and 12 January 2017 (pink). (Source, 
Google Earth). 
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It can be seen that following the large reduction in 
size in May 2016 (not shown in Figure 7 because no 
surveyed with GPS), that the island has 
consolidated on the eastern side of the reef flat, and 
has increased in size.  Table 1 summarises the 
footprint of Winston Island since the first survey 
(21st March 2016); the May survey footprint has 
been estimated from the visual survey.  The most 
recent survey indicates that Winston Island is now 
some 400 m2 larger than it was in March 2016. 
 
Table 1   Formatting requirements for papers 
Survey Date Area (m2) 
21 March 2016 
Western   978 
Eastern    488 
Total       1,466 
*18 May 2016 320 
14 September 2016 1,591 
12 January 2017 1,854 
*estimated 
 
4. Comparison of TC Winton and TC Thomas 
TC Winston created Winston Island, however, a 
similarly devastating cyclone, TC Tomas, passed 
directly over the southwestern side of Qamea Island 
on 16th March 2010 without any impact in terms of 
island formation.  Anecdotally it was known that 
similar damage was done to the local villages and 
resorts (all the bures were flattened and most of the 
vegetation removed – Figure 3), the winds came 
from a similar northern direction, and that the tide 
was also low during the cyclone’s peak at the site.  
The following analysis was undertaken to consider 
the local conditions that generated Winston Island 
during TC Winston, and how TC Winston differed 
from TC Tomas. 
 
Offshore, 3-hourly, wave statistics from 16.5°S / 
179.5°W north of Qamea Island, between 1st 
February 2005 and 31st January 2017 were 
extracted from the WAVEWATCH III® database 
[12,13,14], a 0.5 x 0.5 degree global model of wave 
characteristics maintained by the US National 
Oceanic and Atmospheric Administration (NOAA). 
 
Tidal conditions during both cyclones were 
extracted from the TPXO wave atlas [3] at 15 minute 
intervals.  In this study the Pacific Ocean model with 
a resolution of 1/12 degree was employed.  The 
model provides the 11 most influential constituents, 
as well as two long period (Mf, Mm) harmonic 
constituents. 
 
Figures 8 and 9 present the wave and tide data 
during TC’s Tomas and Winston.  These data 
indicate that offshore wave height was only slightly 
greater during TC Winston, the wave direction and 
tide levels were similar, with the most obvious 
difference in the events being the shorter period of 
waves during TC Tomas (i.e. ~10 seconds versus 
~17 seconds at the peak of TC Winston).  However, 
while the offshore wave conditions and tidal 
elevation were similar during the 2 cyclones 
(barometric pressure was 915 hPa and 925 hPa for 
Tomas and Winston respectively), these data are 
for the open ocean on the northern side of Qamea. 
 
  
Figure 8   Wave height period and direction offshore of 
Qamea Island from February 2005 to January 2017 
showing TC’s Tomas (blue) and Winston (red). 
 
  
Figure 9   Wave height period and direction during TC’s 
Tomas (blue) and Winston (red), with zero relating to the 
peak of the cyclone at Qamea Island. 
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The reef on which Winston Island formed is not 
open to ocean waves from the north.  Therefore, the 
wind needs to be considered in terms of wind-
generated waves.  When the winds during the 2 
TC’s are compared, some obvious differences are 
seen.  During TC Tomas, winds were initially from 
SE (which is the same direction as the tradewinds), 
and trended due north after the peak passed 
Qamea Island (Figure 10).  In contract, the winds 
during TC Winston were from the NW at its peak, 
which is directly into the back of the reef system 
(Figure 11). 
 
 
Figure 10   Wind speed and direction during TC Tomas 
(blue) and TC Winston (red) with zero relating to the peak 
of the cyclone at Qamea Island. 
 
 
  
Figure 11   (Top) The longest possible fetch of 10.5 km is 
interrupted by a reef system in between Taveuni and 
Qamea Islands. (Bottom) As a result, the maximum fetch 
is likely closer to 6.6 km (the object 1/3 of the way down 
the line is cloud, not reef). 
 
The JONSWAP fetch and duration-limited wave 
generation formulas [xx2] were applied to determine 
the likely waves that attacked the offshore reef 
system from the NW; the fetch is limited to ~6.6 km 
due to surrounding land and reefs (Figure 11).  The 
resulting wave height generated locally by TC 
Winston is 2.67 m with a period of 5.3 seconds.  In 
comparison, the maximum fetch from the north and 
wind speed during TC Tomas results in waves of 1.0 
m high with 3.1 second period.  The local wind 
strength and direction during TC Winston are very 
likely the reason that it created a new cay and TC 
Tomas did not. 
 
5. Discussion 
The investigation presented here indicates that 
Winston Island was formed by TC Winston due to 
the peak winds arriving from the NW.  Large waves 
very rarely originate from the NW due to the 
surrounding islands and reef systems (Figure 11).  
As a result, the 2.5-3.0 m waves that hit the northern 
side of the reef system offshore of Qamea Island 
picked up a large volume of coral rubble from the 
shallow side of the reef (Figure 12) and formed 
Winston Island. 
 
  
Figure 12   The shallow channels containing coral rubble 
along the northern side of the southern Qamea reef 
system. 
 
The monitoring of Winston Island has found that the 
island has slowly continued to grow in size since it 
was formed on 20th February 2016, and has 
continued to move and change due to the prevailing 
wind/wave conditions [5, 6].  However, the large 
reduction in the size of the island between March 
and September 2016 remains a mystery.  When the 
metocean data from February 2005 to present is 
considered, there is an indication that the wave 
climate was significantly reduced in comparison to 
other years in the dataset, with only 2 events in the 
past 12 months with waves over 2 m (in comparison 
to over a dozen each year). The trade-wind season 
during the winter of 2016 was indeed far less 
energetic than previous years.  Continued 
monitoring of Winston Island over the coming years 
may provide more insight into the mechanism that 
led to the initial reduction of Winston Island. 
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In addition to continued monitoring, 
refraction/diffraction modelling is also planned to 
consider whether the very long period swell during 
TC Winston could have possibly penetrated through 
the channel between Taveuni and Qamea Islands 
(Figure 11).  It is noted that long-period swell from 
the NW occurs during the summer months due to 
storm activity in the northern Pacific, and waves 
propagating from the north to the southern Qamea 
reef system has not been previously observed.  
However, these summer northern swells are not of 
the size that occurred during TC Winston, and there 
is mostly always swell from the southern quarter 
which would make these observations difficult. 
 
6. Summary  
On 20th February 2010, the South Pacific’s most 
intense tropical cyclone ever recorded, TC Winston, 
created a new cay on the reef system ~1 km 
offshore of Qamea Island.  The intense winds and 
particular direction of the winds (from the NW) 
picked up broken coral on the shallow northern side 
of the reef to form Winston Island.  While it remains 
a mystery why Winston Island all but disappeared 
between March and September of 2016, the most 
recent survey indicates that the island has slowly 
increased in size since it was initially formed.  The 
rise (and fall?) of Winston Island will continue to be 
monitored every 3-4 months in an effort to collect 
more data and increase our understanding of the 
morphodynamics of coral cays and islands. 
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